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(57) ABSTRACT

Provided are compounds of formula (I):

()

O O0=—=85=—=0

|
HO N
"\.N j
H
)is

wherein R, R,, R, R, and R, are independently selected
from the group comprising, inter aliae, H, optionally substi-
tuted, branched or linear C,-C,, alkyl, halogen atom and
C,-C,, haloalkyl, and wherein A represents a single bond or

an optionally substituted C,-C, alkylene radical, notably use-
tul for the treatment of human cancers.

17 Claims, 7 Drawing Sheets
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1
APOPTOSIS INDUCING COMPOUNDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Rule 371 application of International
Application PCT/EP2012/069629 filed Oct. 4, 2012.

The present invention relates to sulfonylthiomorpholine-3-
carboxamide compounds, their methods of preparation, as
well as uses thereof for the treatment of human neoplasms.

Treatment of cancer with radiotherapy and/or anticancer
drug 1s Irequently associated with increased apoptosis
mechanisms. However, resistance to treatments 1S a common
feature 1n cancer therapy. This may be related to a reduced
ability to cancer cells to undergo apoptosis.

Apoptosis 1s a fine-tuned biological process. In the case of
cancer cells, the apoptotic balance 1s 1n favour of cell survival.
Resistance to apoptosis 1s mainly due to quantitative (expres-
sion) and/or qualitative (mutations) alterations in proteins
involved 1n the apoptotic cascade. To reach full range apop-
tosis, different non exclusive signalling pathways are impli-
cated. These pathways are regulated by different actors, but
share common end points, 1.e. the activation of procaspase-3
and procaspase-7 1to caspase-3 and caspase-7 respectively,
that are effector caspases. Once activated, these caspases
cleave other substrates that trigger apoptosis processes.

Different approaches have been tested to induce cancer cell
apoptosis. These approaches generally used small molecules.

However, since normal cells are also sensitive to apoptosis,
these small molecules may present the mnconvenient to kall
also normal cells. This point represents a major caveat regard-
ing the use of such molecules 1n clinics.

Thus, the development of new compounds capable of
inducing tumor apoptosis with reduced effect on normal cells
1s of outstanding interest in the field of tumor treatment.

In prior art, several compounds with a sulfonylthiomor-
pholine-3-carboxamide structure have been studied, notably

for their anticancer activity.

For example, US 2002/0156074, WO 2010/007027 and
WO 98/34918 describe compounds usetul for the treatment
of diseases mediated by a matrix metalloproteinase (MMP)
enzyme. Almstead et al. (J. Med. Chem. 1999, Vol. 42, no 22,
4547-4562) describes thiazine- and thiazepine-based MMP
inhibitors. Several other documents of prior art describe com-

pounds TMI-1 and apratastat, known as TACE/MMP 1nhibi-
tors,

exhibiting a sulfonylthiomorpholine-3-carboxamide
structure.

However, none of those previously described compounds
have been shown to exhibit an apoptosis inducing activity.

One of the aims of the present invention 1s to provide new
apoptosis inducing compounds having a strong apoptosis
inducing activity towards tumor cells at nanomolar range.

Another aim of the present imnvention 1s to provide new
apoptosis inducing compounds having a reduced cytotoxic-
ity, or even no cytotoxicity, towards normal cells.
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2

Another aim of the present mvention 1s to provide com-
pounds able to activate procaspase-3 and procaspase-7.

The present invention relates to a compound of formula (I):

()

R;
R> R4
R Rs
|
() O=T=O
HO N
\N N
H
s

wherein R, R,, R, and R. are independently selected from

the group consisting of:
H,
optionally substituted, branched or linear C, -C, , alkyl,
optionally substituted, branched or linear C,-C, , alkenyl,
halogen atom,
C,-C,, haloalkyl,
(CH,) R“ wherein a 1s comprised from 1 to 12 and R“ 1s

selected from the group consisting of:

OR*", wherein R*" is selected from the group consisting
of optionally substituted C,-C, , alkyl, optionally sub-
stituted C,-C,, aryl, optionally substituted C;-C,,
cycloalkyl, optionally substituted C,-C, heterocy-
cloalkyl and optionally substituted C, -C, , heteroaryl,
and

R“* wherein R** is selected from the group consisting of
optionally substituted C.-C,, aryl, optionally substi-
tuted C,-C, , cycloalkyl, optionally substituted C,-C,

heterocycloalkyl and optionally substituted C,-C,,
heteroaryl,
(CH,),R” wherein b is comprised from 0 to 12 and R” is
selected from the group consisting of:

CN,

OH,

C(O)R”! and SO,R”!, wherein R”! is selected from the
group consisting of H, OH, optionally substituted
C,-C,, alkyl, optionally substituted C.-C,, aryl,
optionally substituted C;-C,, cycloalkyl, optionally
substituted C,-C, heterocycloalkyl and optionally
substituted C,-C, ; heteroaryl, and

NHR”* and NHC(O)R”* wherein R”* is selected from
the group consisting of H, optionally substituted
C,-C,, alkyl,

wherein R, 1s selected from the group consisting of:
H,
optionally substituted, branched or linear C,-C, , alkyl,
optionally substituted, branched or linear C,-C, , alkenyl,
halogen atom,
C,-C,, haloalkyl,
(CH,) R” wherein a 1s comprised from 1 to 12 and R” 1s

selected from the group consisting of:

OR“", wherein R*' is selected from the group consisting
of optionally substituted C,-C, , alkyl, optionally sub-
stituted C;-C, , cycloalkyl, and optionally substituted
C,-C, heterocycloalkyl, and
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R“* wherein R** is selected from the group consisting of
optionally substituted C.-C, , aryl, optionally substi-
tuted C,-C, , cycloalkyl, optionally substituted C,-C

heterocycloalkyl and optionally substituted C,-C,,

heteroaryl,

(CH,),R” wherein b and R” are as defined above,

and wherein A represents a single bond ora C, -C alkylene
radical, optionally substituted by a C,-C, alkyl or a
Cq-C,,, aryl group.

According to the invention, R, 1s not a group of formula

O-alkyl-aryl.
According to the invention, R, 1s not a group of formula

O-alkyl-heteroaryl.

According to one embodiment, a 1s comprised from 1 to 10,
more specifically from 1 to 6, advantageously from 1 to 3.

According to another embodiment, a 1s 1 or 2.

According to another embodiment, b 1s comprised from 0
to 10, more specifically from 0 to 6, advantageously from 0 to
3.

According to another embodiment, b 1s O.

According to another embodiment, b 1s 1 or 2.

According to one embodiment, 1n formula (I), R,—H.

According to another embodiment, 1n formula (I), R, 1s
different from H.

According to one embodiment, 1n formula (I), R; 1s
selected from the group consisting of:

H,

optionally substituted, branched or linear C,-C, , alkyl,

optionally substituted, branched or linear C,-C, , alkenyl,

halogen atom,

C,-C, , haloalkyl,

(CH,) _R” wherein a 1s comprised from 1 to 12 and R” 1s
selected from the group consisting of optionally substi-
tuted C.-C,, aryl, optionally substituted C;-C,,
cycloalkyl, optionally substituted C,-C. heterocy-
cloalkyl and optionally substituted C,-C,, heteroaryl,
and

(CH,),R” wherein b and R” are as defined above.

According to one embodiment, 1n formula (I), R; 1s
selected from the group consisting of:

H,

optionally substituted, branched or linear C,-C, , alkyl,

optionally substituted, branched or linear C,-C, , alkenyl,

halogen atom,

C,-C, , haloalkyl,

(CH,) _R” wherein a 1s comprised from 1 to 12 and R” 1s
selected from the group consisting of optionally substi-
tuted C,;-C,, cycloalkyl, and optionally substituted
C,-C heterocycloalkyl, and

(CH,),R” wherein b and R” are as defined above.

According to one embodiment, 1n formula (I), R; 1s
selected from the group consisting of H, optionally substi-
tuted, branched or linear C,-C,, alkyl, halogen atom and
C,-C,, haloalkyl.

According to one embodiment, in formula (I), R5 1s an
optionally substituted, branched or linear C, -C, , alkyl, more
specifically comprising from 1 to 6, advantageously from 1 to
3 carbon atoms.

According to another embodiment, 1n formula (I), R; 1s a
C,-C,, haloalkyl, more specifically comprising from 1 to 6,
advantageously from 1 to 3 carbon atoms.

According to another embodiment, 1n formula (I), R; 1s an
halogen atom, for example a fluorine atom.

According to one embodiment, 1n formula (I), R,, R,, R,
and R. are independently selected from the group consisting
of H and optionally substituted, branched or linear C,-C,,

alkyl.
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According to one embodiment, m formula (I), R, R,, R,
and R are independently selected from the group consisting
of H and methyl.

According to one embodiment, i formula (I), R, R,, R,
and R. are methyl.

According to another embodiment, 1n formula (I), R, R,
and R are independently selected from the group consisting
of H and optionally substituted, branched or linear C,-C,,
alkyl.

According to one embodiment, in formula (I), R, R; and
R are independently selected from the group consisting of H,
methyl and 1sopropyl.

According to one embodiment, 1n formula (I), R,—R..

According to one embodiment, 1n formula (I), R,—R,.

According to one embodiment, 1n formula (1),
R,—R,—R..

According to one embodiment, in formula (I), A represents
a single bond or a C, alkylene radical substituted by a phenyl
group.

The compounds of formula (I) according to the mvention
present a strong apoptosis mnducing activity towards tumor
cells, and promote the activation of procaspase-3 and pro-
caspase-7.

In the present mmvention, the terms “activation of pro-
caspase’ refer to the cleavage of mnactive procaspase to pro-
vide the active caspase, that then triggers apoptosis processes.

Furthermore, the compounds of formula (I) according to
the mnvention present the advantage of having a reduced cyto-
toxicity, or even no cytotoxicity, towards normal cells. The
compounds according to the mvention are thus suitable for
the treatment of cancers, particularly those exhibiting a resis-
tance to drug treatments.

According to the invention, the term “alkyl” designates a
saturated hydrocarbonated group, linear or branched, having
more particularly from 1 to 12, preferably from 1 to 10, more
specifically from 1 to 4 carbon atoms, such as methyl, ethyl,
propyl, 1sopropyl, n-butyl, isobutyl, tert-butyl, pentyl, neo-
pentyl, n-hexyl, heptyl, octyl, nonyl, decyl, dodecyl, undecyl,
dodecyl.

According to the invention, the term “alkenyl” designates a
partially unsaturated, nonaromatic, hydrocarbon groups hav-
ing 2 to 12, preferably 2 to 6 carbon atoms, more specifically
from 2 to 4 carbon atoms, such as vinyl, allyl, propenyl,
1sopropenyl, crotyl, butenyl.

According to the mvention, the term “cycloalkyl” desig-
nates saturated cyclic, bicyclic, tricyclic, or polycyclic hydro-
carbon groups having 3 to 12, preferably 5 to 10 carbon
atoms, wherein any ring atom capable of substitution may be
substituted by a substituent. Examples of cycloalkyl moieties
include, but are not limited to, cyclohexyl and adamantyl.

According to the mvention, the term “halo” refers to the
atoms of the group 17 of the periodic table (halogens) and
includes 1n particular fluorine, chlorine, bromine, and 10dine
atom.

According to the invention, the term “haloalkyl” refers to
an alkyl group 1n C,-C, , wherein at least one atom of hydro-
gen has been replaced by a halogen atom, such as bromom-
cthyl, fluoromethyl, 1odomethyl, chloromethyl, trifluorom-
cthyl; and to alkyl group 1n C, -C, , wherein all the atoms of
hydrogen have been replaced by a halogen atom, such as
pertluoroalkyl groups.

According to the mvention, the term “aryl” refers to an
aromatic monocyclic, bicyclic, or tricyclic hydrocarbon ring
system, having 6 to 10, preferably 6 carbon atoms, wherein
any ring atom capable of substitution may be substituted by a
substituent. Examples of aryl moieties include, but are not
limited to, phenyl and naphthyl.
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According to the invention, the term “heteroaryl” refers to
an aromatic 5-8 membered monocyclic, 8-12 membered
bicyclic, or 11-14 membered tricyclic ring system having 1-3
heteroatoms 1 monocyclic, 1-6 heteroatoms 1t bicyclic, or 1-9
heteroatoms 11 tricyclic, said heteroatoms selected from O, N,
or S (e.g. carbon atoms and 1-3, 1-6, or 1-9 heteroatoms of N,
O, or S 1f monocyclic, bicyclic, or tricyclic, respectively),
wherein any ring atom capable of substitution may be substi-
tuted by a substituent.

According to the invention, the term “heterocycloalkyl”
refers to a nonaromatic 3-7 membered monocyclic, ring sys-
tem having 1-3 heteroatoms, said heteroatoms being selected
from O, N, or S (e.g. carbon atoms and 1-3 heteroatoms of N,
O, or S), wherein any ring atom capable of substitution may
be substituted by a substituent.

According to the invention, the term “substituents” refers
to a group “substituted” on an alkyl, heterocycloalkyl, aryl or
heteroaryl group at any atom of that group. Suitable substitu-
ents include, without limitation, alkyl, alkenyl, alkynyl,
alkoxy, halo, hydroxy, cyano, mitro, amino, SO,H, sulfate,
phosphate, perfluoroalkyl, perfluoroalkoxy, methylenedioxy,
cthylenedioxy, carboxyl, oxo, thioxo, imino (alkyl, aryl,
aralkyl), S(O), alkyl (where n 1s 0-2), S(O), aryl (where n 1s
0-2), S(O)_ heteroaryl (where n 1s 0-2), S(O), heterocy-
cloalkyl (where n 1s 0-2), amine (mono-, di-, alkyl,
cycloalkyl, aralkyl, heteroaralkyl, and combinations thereot),
ester (alkyl, aralkyl, heteroaralkyl), amide (mono-, di-, alkyl,
aralkyl, heteroaralkyl, and combinations thereof), sulfona-
mide (mono-, di-, alkyl, aralkyl, heteroaralkyl, and combina-
tions thereof), unsubstituted aryl, unsubstituted heteroaryl,
unsubstituted heterocycloalkyl, and unsubstituted cycloalkyl.

According to the invention, the term “acyl” refers to an
alkylcarbonyl, cycloalkylcarbonyl, arylcarbonyl, heterocy-
cloalkylcarbonyl, or heteroarylcarbonyl substituent, any of
which may be further substituted by substituents.

The compounds herein described may have asymmetric
centers. Compounds of the present invention containing an
asymmetrically substituted atom may be 1solated 1n optically
active or racemic forms. It 1s well-known 1n the art how to
prepare optically active forms, such as by resolution of race-
mic forms or by synthesis from optically active starting mate-
rials. All chiral, diastereomeric, racemic forms and all geo-
metric 1someric forms of a compound are intended, unless the
stereochemistry or the 1someric form 1s specifically indicated.

The compounds of the invention also encompass their ste-
reoisomers (diastereoisomers, enantiomers), pure or mixed,
racemic mixtures, geometrical 1somers, tautomers, salts,
hydrates, solvates, solid forms as well as their mixtures.

This invention concerns “pharmaceutically acceptable”™
salts of compounds according to the invention. Generally, this
term designates slightly- or non-toxic salts obtained from
organic or inorganic bases or acids. These salts may be
obtained during the final purification step of the compound
according to the invention or by incorporating the salt into the
purified compound.

Some compounds according to the invention and their salts
could be stable 1n several solid forms. The present invention
includes all the solid forms of the compounds according to the
invention which includes amorphous, polymorphous, mono-
and polycrystalline forms. The compounds according to the
imnvention can exist in non-solvated or solvated form, for
example with pharmaceutically acceptable solvents such as
water (hydrates) or ethanol.

“Pharmaceutically acceptable” means 1t 1s, within the
scope of sound medical judgment, suitable for use 1n contact
with the cells of humans and lower animals without undue
toxicity, wrritation, allergic response and the like, and are
commensurate with a reasonable benefit/risk ratio.

The term “pharmaceutically acceptable salt” refers to salts
which retain the biological effectiveness and properties of the
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compounds of the invention and which are not biologically or
otherwise undesirable. In many cases, the compounds of the
invention are capable of forming acid and/or base salts by
virtue of the presence of amino and/or carboxyl groups or
groups similar thereto. Pharmaceutically acceptable acid
addition salts may be prepared from inorganic and organic
acids, while pharmaceutically acceptable base addition salts
can be prepared from inorganic and organic bases. For a
review of pharmaceutically acceptable salts see Berge et al.
((1977) J. Pharm. Sd, vol. 66, 1). The expression “non-toxic
pharmaceutically acceptable salts™ refers to non-toxic salts
formed with nontoxic, pharmaceutically acceptable 1nor-
ganic or organic acids or 1norganic or organic bases. For
example, the salts include those derived from 1norganic acids
such as hydrochloric, hydrobromic, sulfuric, sulfamic, phos-
phoric, nitric, and the like, as well as salts prepared from
organic acids such as acetic, propionic, succinic, glycolic,
stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic,
hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic,
sulfanilic, fumaric, methanesulfonic, and toluenesulfonic

acid and the like.

In the context of the invention, the term “treating” or “treat-
ment”, as used herein, means reversing, alleviating, inhibiting
the progress of, or preventing the disorder or condition to
which such term applies, or one or more symptoms of such
disorder or condition.

According to one embodiment, 1n formula (I), R,, R,, R,
R, and R are independently selected from the group consist-
ing of:

H

optionally substituted, branched or linear C,-C, , alkyl,

halogen atom, and

C,-C,, haloalkyl.

As alkyl group, one may cite C,-C, advantageously C,-C,
alkyl groups.

As alkyl group, one may cite methyl, ethyl, propyl, 1sopro-
pyl and dodecyl, advantageously methyl and 1sopropyl.

As halogen atom, one may cite fluorine atom.

As haloalkyl group, one may cite bromomethyl and trii-
luoroalkyl.

According to a first embodiment of the present invention, A
represents a single bond.

The compounds of formula (I) according to this embodi-
ment are phenylsulfonylthiomorpholine-3-carboxamide
compounds.

The present invention also relates to a compound of for-
mula (II):

(1)

R3
Ro ‘ \/R4
RN
QO O=5=—=0
HO N
"‘\N N
H
S/

wheremn R |, R,, R, R, and R are as defined above 1n formula

(D
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According to one embodiment, 1n formula (II), R, R,, R, As compounds according to formula (II-1), one may cite
R, and R are independently selected from the group consist- the following compounds:
ing of:
H 5 ,
optionally substituted, branched or linear C, -C, , alkyl, ‘/\
C,-C, , haloalkyl.
As alkyl group, one may cite C, -C,, advantageously C,-C,
alkyl groups. 10 0 0=§=0
As alkyl group, one may cite methyl, ethyl, propyl, 1sopro- HO N
| and dodecyl, advant ly methyl and i 1 ~ ™~
pyl and dodecyl, advantageously methyl and 1sopropyl. N
As halogen atom, one may cite fluorine atom. P
15
As haloalkyl group, one may cite bromomethyl and trii- >
luoroalkyl.
According to one embodiment, 1n formula (I) or (II), R,
R,, R, and R are H.
20 5
According to one embodiment, the compounds of formula
(II) have the following formula (I1-1): )\
9
(I-1) 2 Y
R3
O O=T=O
X
HO\N N\
s 30 H
g ~
O O0=—=h=—70
HO N
\N N 35
H 3
S/ \ /
x
wherein R, 1s as defined above 1n formula (I). 0 ‘ =
According to one embodiment, 1n formula (II) or (1I-1), R,
1s H. 0 O 0O
According to another embodiment, in formula (II) or (I11-1), |
R, is other than H. 4 HO\N N
According to one embodiment, 1n formula (IT) or (II-1), R, .
1s selected from the group consisting of H, optionally substi- S/
tuted, branched or linear C,-C,, alkyl, halogen atom and
C,-C, , haloalkyl. 50
According to one embodiment, 1n formula (IT) or (II-1), R,
1s an optionally substituted, branched or linear C,-C, , alkyl,
more specifically comprising from 1 to 6, advantageously . .
from 1 to 3 carbon atoms. -~

55

According to one embodiment, 1n formula (II) or (1I-1), R,
1s a C,-C, , haloalkyl, more specifically comprising from 1 to ‘/ X
P

6, advantageously from 1 to 3 carbon atoms.

According to one embodiment, 1in formula (IT) or (II-1), R,

1s an halogen atom, for example a fluorine atom. 60 0 ot g
According to one embodiment, 1n formula (II) or (1I-1), R, |

is selected from the group consisting of H, methyl, ethyl, HO_ N\

propyl, 1sopropyl, dodecyl, bromomethyl, trifluoromethyl E

and fluor. o5 S o

According to one embodiment, 1n formula (IT) or (II-1), R,
1s 1sopropyl.
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HO N
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-continued

e

NS

S
|

() (O—
HO N
”\N N
H
5

According to one embodiment, 1n formula (I) or (II), R 1s
H.

According to one embodiment, the compounds of formula
(II) have the following formula (11-2):

13

O

(11-2)
Ry

e
R, P \Rs

O O ‘
HO N
\‘N)‘k/ \
H

wheremn R, R,, R, and R are as defined above 1n formula (I).

According to one embodiment, 1n formula (II) or (II-2),
R,—R,.

According to one embodiment, 1n formula (II) or (II-2),
R,—R;.

According to one embodiment, 1n formula (IT) or (I11I-2), R,
R,, R, and R, are independently selected from the group
consisting of H and optionally substituted, branched or linear

C,-C,, alkyl.

According to one embodiment, 1n formula (II) or (I11-2), R,
R,, R, and R, are independently selected from the group
consisting of H and methyl.

According to one embodiment, 1n formula (II) or (I11-2), R,
R,, R, and R are methyl.

As compounds according to formula (II-2), one may cite
the following compounds:

®
F

O O=—=

T—O
N

\D®

S

HO

Lz,
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-continued

4
O O=— T —
HO N
. N j
H

S

14

According to one embodiment, in formula (I) or (II), R,
and R, are H.

As compounds of formula (II), one may cite the com-
pounds having the following formula (1I-3):

(11-3)

wherein R |, R, and R are as defined above 1n formula (I).

According to one embodiment, 1n formula (II) or (1I-3),
R,—R..

According to one embodiment, 1n formula (II) or (II-3),
R,—R,—R..

According to one embodiment, in formula (II) or (I1I-3), R |,
R, and R are independently selected from the group consist-
ing ot H and optionally substituted, branched or linear C, -C, ,

alkyl.

According to one embodiment, in formula (II) or (I1I-3), R |,
R, and R are independently selected from the group consist-
ing of optionally substituted, branched or linear C,-C, , alkyl.

According to one embodiment, in formula (II) or (1I-3),R |,
R, and R are independently selected from the group consist-
ing of H, methyl and 1sopropyl.
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As compounds according to formula (II-3), one may cite

the following compounds:

\

O

HO

T,

11

A

‘\
N
£

N

O

/

\

According to another embodiment of the present invention,
in formula (I), none of R, R,, R;, R, and R 1s H.

According to one emboc

iment, R,—R,—R,—R_ ,—R..

According to one emboc

iment, R, R,, R;, R, and R are

chosen from optionally substituted, branched or linear
C,-C,, alkyl, such as methyl.

As compound according
the following compound:

() O=‘
HO N
'\N N
H
¢

to this embodiment, one may cite

12

S=—0

According to another embodiment of the present invention,
in formula (I), A represents a substituted C,-C, alkylene

radical.

According to one embodiment, A 1s an ethylene radical
substituted by an aryl group, such as a phenyl group.

As compound according,
the following compound:

to this embodiment, one may cite
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According to one embodiment, 1n formula (I), the two
groups positioned in ortho position 1n respect to radical A are
identical, 1.e. R,—R..

According to one embodiment, 1n formula (I), the two
groups positioned 1n meta position 1n respect to radical A are
identical, 1.e. R,—R,,.

The present mvention also relates to the following com-
pounds:
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-continued
O O=—=s=—=0

|
HO N
‘\.N j
H
J;LS

Br

\

\_/

O 0=85==0

HO N

/
7
/

\

\
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-continued
12
O O—T—O
HO N
\N j
H
/is
13
/i
\K
O O—T—O
HO N
"‘\N \
H
S/
14

Y

O O0=85=—=0

|
HO N
\N j
H
J;(S

The present mvention also relates to a medicament com-
prising a compound of formula (I) as defined above.

The present mvention also relates to a medicament com-
prising a compound of formula (II), (II-1), (1I-2) or (II-3) as
described above.

The present mvention also relates to a medicament com-
prising any compound as above described.

The present invention also relates to a compound of for-
mula (I) as above described, for 1ts use as a drug.

The present invention also relates to a compound of for-
mula (II), (I1I-1), (II-2) or (I11I-3) as described above for 1ts use
as a drug.

The present invention also relates to a compound as
described above for 1ts use as a drug.

The present invention also relates to a pharmaceutical com-
position comprising a compound of formula (I) as defined
above, 1mn admixture with one or more pharmaceutically
acceptable excipients.

The present invention also relates to a pharmaceutical com-
position comprising a compound of formula (I1I), (11-1), (I1I-2)
or (II-3) as defined above, in admixture with one or more
pharmaceutically acceptable excipients.

The present invention also relates to a pharmaceutical com-
position comprising any one of the compounds described
above, 1 association with at least one pharmaceutically

acceptable excipient.
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The present mvention also relates to a compound of for-
mula (I), (II), (II-1), (I1I-2) or (1I-3), or any compound as above
described, for 1ts use as apoptosis inducing compound.

The present ivention also relates to a compound of for-
mula (1), (II), (II-1), (II-2) or (1I-3), or any compound as above
described, for its use as procaspase-3 and/or procaspase-7/
activator.

According to one embodiment, said compounds of formula
(I) are adminmistered together with an antitumoral medicine.

According to one embodiment, said compounds of formula
(I) are administered prior, during or after a radiotherapy treat-
ment sequence.

The present invention also relates to a combination com-
prising a compound of formula (I) as defined above and an
antitumoral medicine.

The present invention also relates to a combination of a
compound of formula (I) with an antitumoral drug for 1ts use
as a drug.

While it 1s possible for the compounds of the mvention
having formula (I) to be admimstered alone it 1s preferred to
present them as pharmaceutical compositions. The pharma-
ceutical compositions, both for veterinary and for human use,
usetul according to the present mvention comprise at least
one compound having formula (I) as above defined, together
with one or more pharmaceutically acceptable carriers and
optionally other therapeutic ingredients.

In certain embodiments, active ingredients necessary in
combination therapy may be combined 1n a single pharma-
ceutical composition for simultaneous administration.

As used herein, the term “pharmaceutically acceptable”
and grammatical variations thereolf, as they refer to compo-
sitions, carriers, diluents and reagents, are used interchange-
ably and represent that the materials are capable of adminis-
tration to or upon a mammal without the production of
undesirable physiological effects such as nausea, dizziness,
gastric upset and the like.

The preparation of a pharmacological composition that
contains active mgredients dissolved or dispersed therein 1s
well understood 1n the art and need not be limited based on
formulation. Typically such compositions are prepared as
injectables either as liquid solutions or suspensions; however,
solid forms suitable for solution, or suspensions, in liquid
prior to use can also be prepared. The preparation can also be
emulsified. In particular, the pharmaceutical compositions
may be formulated 1n solid dosage form, for example cap-
sules, tablets, pills, powders, dragees or granules.

The choice of vehicle and the content of active substance in
the vehicle are generally determined 1n accordance with the
solubility and chemical properties of the active compound,
the particular mode of administration and the provisions to be
observed in pharmaceutical practice. For example, excipients
such as lactose, sodium citrate, calcium carbonate, dicalcium
phosphate and disintegrating agents such as starch, alginic
acids and certain complex silicates combined with lubricants
such as magnesium stearate, sodium lauryl sulphate and talc
may be used for preparing tablets. To prepare a capsule, 1t 1s
advantageous to use lactose and high molecular weight poly-
cthylene glycols. When aqueous suspensions are used they
can contain emulsifying agents or agents which facilitate
suspension. Diluents such as sucrose, ethanol, polyethylene
glycol, propylene glycol, glycerol and chloroform or mix-
tures thereof may also be used.

The pharmaceutical compositions can be administered 1n a
suitable formulation to humans and anmimals by topical or
systemic administration, including oral, rectal, nasal, buccal,
ocular, sublingual, transdermal, rectal, topical, vaginal,
parenteral (including subcutaneous, intra-arterial, intramus-
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cular, iftravenous, intradermal, mtrathecal and epidural),
intracisternal and intraperitoneal. It will be appreciated that
the preferred route may vary with for example the condition
of the recipient.

The formulations can be prepared in unit dosage form by
any of the methods well known 1n the art of pharmacy. Such
methods include the step of bringing into association the
active mgredient with the carrier which constitutes one or
more accessory imgredients. In general the formulations are
prepared by uniformly and intimately bringing into associa-
tion the active ingredient with liquid carriers or finely divided
solid carriers or both, and then, if necessary, shaping the
product.

Total daily dose of the compounds of the invention admin-
istered to a subject 1n single or divided doses may be 1n
amounts, for example, of from about 0.001 to about 100
mg/kg body weight daily and preferably 0.01 to 10 mg/kg/
day. Dosage unit compositions may contain such amounts of
such submultiples thereof as may be used to make up the daily
dose. It will be understood, however, that the specific dose
level for any particular patient will depend upon a variety of
factors including the body weight, general health, sex, diet,
time and route of administration, rates of absorption and
excretion, combination with other drugs and the severity of
the particular disease being treated.

The present invention also relates to a compound of for-
mula (I) as above described, for its use for the treatment
and/or the prevention of human neoplasms, such as benign
neoplasm, carcinoma and cancer.

The present invention also relates to a compound of for-
mula (II), (II-1), (II-2) or (I1I-3) or any compound as above
described, for 1ts use for the treatment and/or the prevention
of human neoplasms, such as benign neoplasm, carcinoma
and cancer.

The present invention also relates to a compound of for-
mula (I) as above described, for 1ts use for the mhibition of
abnormal proliferation of cells.

The present invention also relates to a compound of for-
mula (II), (II-1), (II-2) or (1I-3) or any compound as above
described, for 1ts use for the inhibition of abnormal prolitera-
tion of cells.

According to one embodiment, the compounds of formula
(1), (IT), (1I-1), (II-2) or (II-3), or any compound as described
above, are used for the treatment and/or the prevention of
diseases related to the activation of procaspase-3 and/or pro-
caspase-7.

The present mvention also relates to a combination of a
compound of formula (1), (1I), (I1I-1), (1I-2) or (1I-3), or any
compound as described above, with one or more agent(s)
and/or pharmaceutical composition(s) for its use for the treat-
ment and/or prevention of human neoplasms, such as benign
neoplasm, carcinoma and cancer.

The present invention also relates to a method for inducing,
apoptosis comprising a step ol administering a compound of
tormula (1), (II), (II-1), (I1-2) or (II-3), or any compound as
defined above, to a patient 1n need thereof.

The present mvention also relates to a method for treating,
and/or preventing human neoplasms, such as benign neo-
plasm, carcinoma and cancer comprising a step of adminis-
tering a compound of formula (I), (II), (I1I-1), (1I-2) or (1I-3),
or any compound as defined above, to a patient 1n need
thereof.

The present invention also relates to a method for treating,
and/or preventing abnormal proliferation of cells comprising
a step of administering a compound of formula (I), (1I), (11-1),
(II-2) or (1I-3), or any compound as defined above, to a patient
in need thereof.
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The present invention also concerns a method for preparing,
the compounds of the invention.

The method of preparation of a compound of formula (1) as
defined above, comprises a step of coupling 2,2-dimethyl-3-

thiomorpholic acid and a compound of formula (III):

(I11)

R3
Ry Ry
R, Rs
A
o—é—o
g

(IV)

HO

wherein A, R, R, R;, R, and R are as defined above 1n
formula (I).

According to one embodiment, the coupling reaction 1s
carried out in the presence of a silylating agent.

The preparation of a compound of formula (I) can be car-
ried out according to the following scheme:

silylating agent
-
j [
R Ry4

HO
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-continued

R3

R

2 ‘ N /R4

RN g,
A

O 0O S O
N

HO ™~

e

(IV)

According to one embodiment, A 1s a single bond.

This coupling reaction 1s for example carried out 1n an
anhydrous solvent, such as anhydrous dichloromethane, but
can also be conducted i1n other solvents, such as chloroform,
THF or toluene.

According to one embodiment, 2,2-dimethyl-3-thiomor-
pholic acid and a silylating agent are for example dissolved in
said solvent and the mixture 1s refluxed for at least one hour.

As suitable silylating agent, one may cite N,O-bis(trimeth-
ylsilyl)trifluoroacetamide (BSTFA) or trimethylsilyl chlo-
ride.

Then, a tertiary amine base and a solution of sulfonyl
chloride (I1I) (for example 1n a solvent identical to the above-
defined solvent) 1s added to said mixture, for example at low

temperature, for example from -20° C. to 20° C., for example
around 0° C. The mixture 1s then stirred for at least one hour.

As suitable tertiary amine base, one may cite N-methyl-
morpholine (NMO).

Further to the step of coupling, the method of preparation
of the mvention also comprises a step of conversion of the

compound of formula (IV) into the compound of formula (1),
via the preparation of the acid chloride corresponding to (IV).

According to the method of the invention, the compound of
formula (IV) can be converted into a compound of formula
(I), via the formation of an acid chloride of formula (IV-1):

(IV-1)

R3
R 1/ 7 Rs
A

and the reaction of said acid chloride with hydroxylamine.

The conversion of the compound of formula (IV) to a com-
pound of formula (I) can be carried according to the following,
scheme:
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R3
R, N R4
R’ 7 R«
A —_—
O O0=y=—=0
N
HO j
S
(IV)
R3
Rz\‘)\/m
Rl/ /\Rs
T‘ NH,0H
0 O=T=O
N
Cl ~
S/
(IV-1)
R3
Ry \/R4
R’ /\R5
A
O O S O
HO N
\N ~
H
S/

(1)

The reaction of conversion of (IV) into an acid chloride of
formula (IV-1) 1s for example carried out by addition of oxalyl
chloride, and a catalytic amount of dimethylformamaide
(DMF), to the mixture obtained atter the step of coupling, for
example around 0° C. The resulting mixture 1s then stirred for
at least one hour.

A solution of hydroxylamine (for example at 50% 1n water)
1s then dissolved 1n a solvent, or a mixture of solvent, such as
tetrahydrofuran (THF) and water, and 1s then added to the

acid chloride as above prepared, thus yielding the compound
of formula (I).

According to one embodiment, the method of preparation
of the invention proceeds “one-pot”, for example as 1llus-
trated 1n the following scheme:
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HO

1. BSTFA, NMO, CH,Cl,
2. oxalyl chloride, DMF
3. (NH,OH)g,, THE

A\
/
\__
W/

C

Cl
(I11)

(1)

FIGURES

FIG. 1 represents the percentage of cell growth of human
breast tumor SUMI149 cells (1n vitro), in the presence of
compounds 1,3,4,5,6,7,8,9,10,11,12,13,and 14 (10 uM
concentration).

In FIGS. 2t0 9, compound 1 1s represented by rhomb dots,
compound 3 1s represented by square dots and compound 4 1s
represented by triangle dots.

FIG. 2 represents the percentage of cell growth of human
breast tumor SUMI149 cells (in vitro), according to drug
concentration (UM).

FIG. 3 represents the percentage of cell growth of human
breast tumor 1.226 cells (1n vitro), according to drug concen-
tration (WM).

FIG. 4 represents the percentage of cell growth of human
normal mammary epithelial HME-1 cells (1in vitro), accord-
ing to drug concentration (UM).

FIG. 5 represents the percentage of cell growth of human
normal mammary epithehial MCF10-A cells (in vitro),
according to drug concentration (uM).

FIG. 6 represents the percentage of active caspase-3 and
caspase-7 1 human breast tumor SUM149 cells (1n vitro),
according to drug concentration (uUM).

FIG. 7 represents the percentage of active caspase-3 and
caspase-7 1 human breast tumor 1.226 cells (in vitro),
according to drug concentration (UM).

FIG. 8 represents the percentage of active caspase-3 and
caspase-7 in human normal mammary epithelial HME-1 cells
(1n vitro), according to drug concentration (uM).
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FIG. 9 represents the percentage of active caspase-3 and
caspase-7 1 human normal mammary epithelial MCF10-A
cells (in vitro), according to drug concentration (uM).

FIG. 10 represents the percentage of Annexin V positive
cells (human breast tumor SUM149), according to drug con-
centration (UM, white column=compound 3, striped
column=compound 4), with or without Z-VAD treatment.

FIG. 11 represents the percentage of cell growth of human
breast tumor SUMI149 cells (in vitro), according to drug
concentration of compound 4 (uM), with (recommended
medium, black triangle dots) or without Fetal Calf Serum
(synthetic medium, white triangle dots).

FIG. 12A shows the results of a FACS analysis of cells
treated with diethylaminobenzaldehyde (DEAB) in DMSO
as a negative control, with DMSO alone or with Compound
12 (0.6 uM) 1 DMSQO, and incubated in Aldefluor assay
butiler containing ALDH substrate to determine the percent-
age ol cancer stem cells.

FIG. 12B shows histograms representing the ratio between
the percentage of ALDH+ cells 1n populations of cells treated
with Compound 12 (C12) or doxorubicin, and the percentage

of ALDH+ cells 1n populations of cells in DMSO.

EXAMPLES

The reactants and solvents used for the synthesis of the
compounds 1-14 (Example 1) were commercially purchased
at TCI Europe and Sigma Aldrich.

All biological experiments (Examples 2 to 9) have been
performed with recommended cell line specific culture
medium. For SUM149 and 1226, culture medium 1s supple-

mented with 10% Fetal Calf Serum. For HME-1 and MCF-
10A, culture medium 1s supplemented with 5% Horse Serum.

Example 1
Synthesis of Compounds 1-14

Compound 1

In a three necked round flask equipped with a condenser
was placed at room temperature 2,2-dimethyl-3-thiomor-
pholic acid (1 mmol) 1n anhydrous CH,Cl, (0.7 mL). The
mixture was placed under stirring and refluxed for 10 min-
utes. N,O-Bis(trimethylsilyl)trifluoroacetamide (BSTFA)
(2.05 mmol) was added and the reaction mixture was refluxed
tor additional 2 hours. N-methylmorpholine (NMO) (155 uL.)
and phenylsulfonyl chloride (1 mmol) dissolved in CH,CI,
(0.35 mL) were subsequently added at 0° C. The reaction
mixture was allowed to warm to room temperature whereas
the stirring 1s maintained overnight.

To the resulting solution were added at 0° C. dimethylfor-
mamide (DMF) (30 uL) and oxalyl chloride (2.4 mmol). The
reaction mixture was allowed to warm to room temperature
and stirred for 14 hours.

A hydroxylamine solution (50% 1n water, 1.45 mL) was
dissolved in THF (5 mL) and H,O (0.35 mL) and rapidly
added at 0° C. to the reaction mixture which was allowed to
warm to room temperature and stirred for additional 12 hours.

Water was added to allow phase separation. The bottom
phase layer was dried over Na, SO, filtered and concentrated
in vacuo. After removal of the solvents, the crude residue was
purified by chromatography on a silica gel column using
CH,Cl,/ethylacetate (1/1) eluent affording expected product
(3S)—N-hydroxy-4-(benzenesulfonyl)-2,2-dimethyl-3-thio-
morpholine carboxamaide (1).
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X

‘ S
hd

O O0=>5

O

|
HO N

7

__/

White solid; 1 NMR (DMSO d6): $=10.78 (s, 1H), 8.01-
7.37 (m, 5H), 4.08-3.86 (m, 2H), 2.95-2.56 (m, 5H), 2.14 (s,
3H), 1.45 (s, 3H), 1.23 (s, 3H). 13C (DMSO d6): =163.93,
139.13, 132.81, 129.24, 126.52, 58.70, 41.15, 30.64, 28.40,
26.52,23.96.C,;H,N,0,S, m/z331.0781 (100%, (M+H*)).

Compounds 2 to 14 were obtained according to this pro-
cedure, using the corresponding starting material sulionyl

chloride.

Compound 2

(3S)—N-hydroxy-4-[(4-methylphenyl)sulionyl]-2,2-dim-
cthyl-3-thiomorpholine carboxamide (2) was obtained from
2,2-dimethyl-3-thiomorpholic acid and 4-methylphenylsul-
tonyl chloride, according to the above described procedure.

PR

O O —0

_j‘j

S

HO

7,

White solid; "H NMR (acetone d6): 8=10.29 (s, 1H), 8.00
(s, 1H), 7.66 (d, J=7.9 Hz, 2H), 7.37 (d, J=7.9 Hz, 2H), 4.21
(s, 1H),3.99 (1d, J=12.6 and 2.7 Hz, 1H), 3.90 (dt, J=12.6 and
3.5Hz, 1H),3.04 (ddd,J=13.7,12.6 and 3.5 Hz, 1H), 2.52 (dXt,
J=13.7 and 2.7 Hz, 1H), 2.42 (s, 3H), 1.51 (s, 3H), 1.26 (s,
3H). "°C (acetone d6): 8=165.18, 144.15, 137.82, 130.39,
127.86, 60.73, 42.33, 40.34, 29.06, 27.17, 25.27, 21.39.
C,.H,,N,O,S, m/z345.0943 (100%, (M+H™)).

Compound 3

(35)—N-hydroxy-4-[(4-1sopropylphenyl)sultonyl]-2,2-
dimethyl-3-thiomorpholine carboxamide (3) was obtained
from 2,2-dimethyl-3-thiomorpholic acid and 4-1sopropylphe-
nylsulfonyl chloride, according to the above described pro-
cedure.
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|
N

O 0O O

HO

7,
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White solid; "H NMR (DMSO d6): 8=10.70 (s, 1H), 8.90
(s, 1H), 7.64-7.62 (d, 2H), 7.45-7.43 (d, 2H), 3.97 (1, J=6 Hz,
2H), 3.74-3.71 (m, 1H), 3.00-2.87 (m, 2H), 2.51 (s, 4H), 1.40
(s, 3H), 1.23 (s, 3H), 1.21 (s, 3H), 1.17 (m, 3H). "*C (DMSO
d6): 5=164.11, 153.49, 136.80, 127.16, 126.78, 58.62, 41.06,
33.28, 28.43, 26.53, 23.96, 2342, 23.35.

Compound 4

(3S)—N-hydroxy-4-[(2,3,5,6-tetramethylphenyl )sulfo-
nyl]-2,2-dimethyl-3-thiomorpholine carboxamide (4) was
obtained from 2,2-dimethyl-3-thiomorpholic acid and 2,3,5,
6-tetramethylphenylsulfonyl chloride, according to the above
described procedure.

X"

Z
O

\

White solid: "H NMR (acetone d6): =10.09 (s, 1H), 8.07
(s, 1H),7.27 (s, 1H),4.22 (td, J=13.5and 2.6 Hz, 1H), 4.08 (s,
1H),3.63 (dt, J=13.8and 2.9 Hz, 1H), 3.11 (ddd, J=13.5,12.9
and 3.4 Hz, 1H), 2.49 (s, 6H), 2.47 (dt, J=13.7 and 2.4 Hz,
1H), 2.28 (s, 6H), 1.53 (s, 3H), 1.25 (s, 3H). °C (acetone d6):
0=166.14,137.19, 137.10, 136.77, 59.64, 41.81, 9.93, 29.42,
277.62, 24.62, 20.99, 17.95. C,,H,N,O,S, m/z 387.1412
(100%, (M+H™)).

Compound 3

(3S)—N-hydroxy-4-[(4-bromomethylphenyl ))sulfonyl]-2,
2-dimethyl-3-thiomorpholine carboxamide (5) was obtained
from 2,2-dimethyl-3-thiomorpholic acid and 4-bromometh-
ylphenylsulfonyl chloride, according to the above described
procedure.
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O O=T=O
HOS N
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Yellow solid; "H NMR (DMSO d6): 6=9.02 (m, 2H), 8.12-
8.10 (m, 2H), 7.53-7.51 (m, 2H), 4.41 (s, 2H), 2.93-2.67 (m,
2H), 1.48 (s, 3H), 1.27 (s, 3H). °C (DMSO d6): §=166.30,
144.09, 142.54, 131.26, 128.42, 68.31, 56.44, 49.13, 33.00,
2'7.26, 25.38, 22.31.

Compound 6

(35)—N-hydroxy-4-[(4-trifluoromethylphenyl )sulfonyl]-
2,2-dimethyl-3-thiomorpholine (6)
obtained from 2,2-dimethyl-3-thiomorpholic acid and 4-trii-
luoromethylphenylsulfonyl chloride, according to the above

F

F;tF
X
s

carboxamide was

described procedure.

NS

() O—§—=()

HO

7

White solid; 1TH NMR (DMSO d6): $=10.71 (s, 1H), 9.83
(s, 1H), 8.06-7.06 (m, 4H), 3.98-3.78 (m, 3H), 2.99-2.55 (m,
2H), 1.41 (s, 3H), 1.17 (s, 3H). 13C (DMSO d6): =163.55,
159.55, 142.66, 132.59, 130.32, 129.08, 128.76, 127.54,
126.43, 126.11, 124.77, 122.06, 119.94, 117.65, 65.27
58.91, 54.29, 41.46, 28.33, 26.48, 23.92.

Compound 7

(35)—N-hydroxy-4-[(4-fluorophenyl)sultonyl]-2,2-dim-
cthyl-3-thiomorpholine carboxamide (7) was obtained from
2,2-dimethyl-3-thiomorpholic acid and 4-fluorophenylsulio-
nyl chloride, according to the above described procedure.
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White solid; "H NMR (DMSO d6): $=9.65 (s, 2H), 8.00-
7.97 (m, 2H), 7.19-7.15 (m, 3H), 4.62-3.89 (m, 2H), 2.81-
2.67 (m, 2H), 1.48 (s, 3H), 1.39 (s, 3H). "*C (DMSO d6):
5=165.54, 163.72, 159.62, 135.24, 130.11, 130.01, 129.66,
129.56,116.50, 116.27, 116.17, 115.95, 64.51, 58.78, 48.56,
28.38, 26.51, 23.97.

Compound 8

(3S) 4-[(4-ethylphenyl)sulfonyl]-2,2-dim-
cthyl-3-thiomorpholine carboxamide (8) was obtained from
2,2-dimethyl-3-thiomorpholic acid and 4-ethylphenylsulio-

nyl chloride, according to the above described procedure.

e
X
S

H
O

7 —

/
7
__/

HO

White solid; *H NMR (DMSO d6): 6=10.72 (s, 1H), 8.91
(s, 1H), 7.62 (d, J=6.0 Hz, 2H), 7.38 (d, J=6.0 Hz, 2H), 4.05
(s. 1H),3.99-3.71 (m, 4H). 2.86-2.66 (m, 2H), 2.50 (s. 3H).
1.38 (s,3H), 1.16 (s, 3H). "*C (DMSO d6): 8=164.09, 149.04,
136.53, 128.53, 126.70, 58.64, 41.04, 28.39, 27.92, 26.50,
23.94, 14.93.

Compound 9

(3S) 4-[(diphenyl ethanesulfonyl]-2,2-dim-
cthyl-3-thiomorpholine carboxamide (9) was obtained from
2,2-dimethyl-3-thiomorpholic acid and diphenyl ethanephe-

nylsulfonyl chloride, according to the above described pro-
cedure.
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‘ X

F
®

O O0=>=—=0
‘ \/
HO\N \
H

White solid; 'H NMR (DMSO d6): =7.80 (s, 1H), 7.27-
7.02 (m, 10H), 5.54 (s, 1H), 4.53-4.47 (m, 2H), 3.90 (d, J=6
Hz, 2H), 3.72-3.65 (m, 1H), 2.87 (td, J=13.5 and 2.6 Hz, 1H),
2.55-2.49 (m, 1H), 2.06-1.95 (m, 1H), 1.43 (s, 3H), 1.01 (m,
3H). °C (DMSO d6): 8=160.91, 142.28, 141.90, 140.66,
128.84, 128.69, 127.59, 126.96, 126.74, 57.15, 51.31, 46.52,
46.15, 43.27, 39.69, 26.39, 26.26, 15.03.

Compound 10

(35) 4-[(4-dodecyl )phenylsulifonyl]-2,2-d1
methyl-3-thiomorpholine carboxamide (10) was obtained
from 2,2-dimethyl-3-thiomorpholic acid and 4-dodecylphe-
nylsulfonyl chloride, according to the above described pro-
cedure.

NN
‘/\ e
F N

Pale yellow viscous oil; "H NMR (DMSO d6): 8=7.80 (d.
2H), 7.24 (d, 2H), 6.75 (s, 1H), 4.37 (d, J=6 Hz, 1H), 3.90-
3.51 (m, 1H), 3.12-2.39 (m, 2H), 1.56-0.73 (m, 35H). °C
(DMSO d6): 0=165.37, 154.82, 153.57, 133.03, 128.72,
128.36, 127.75, 65.95, 61.27, 48.01, 46.23, 40.09, 39.71,
38.08,36.59,31.83, 29.64,29.28,27.53,26.49, 22.66, 21 .88,
19.33, 15.05, 14.10, 12.08.

Compound 11

(35) 4-1(2,4,6-trimethylphenyl)sulionyl]-2,
2-dimethyl-3-thiomorpholine  carboxamide (11) was
obtained from 2,2-dimethyl-3-thiomorpholic acid and 2.4,6-
trimethylphenylsulfonyl chloride, according to the above
described procedure.
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‘ X
Z
O o—T—o
HOL N
H
e

White solid; 'H NMR (acetone d6): =10.15 (s, 1H), 8.16
(s, 1H),7.05(s,2H),4.22 (td, J=13.2 and 2.3 Hz, 1H), 4.07 (s,
1H),3.68 (dt, J=13.2and 2.7 Hz, 1H), 3.12 (ddd, J=13.9, 13.2
and 2.7 Hz, 1H), 2.57 (s, 6H), 2.51 (dt, J=13.9 and 2.3 Hz,
1H), 2.30 (s, 3H), 1.52 (s, 3H), 1.26 (s, 3H). "°C (acetone d6):
0=165.94, 143.54, 140.98, 132.77, 60.14, 41.94, 39.99,
29.46, 27.56, 24.79, 22.98, 20.82. C, H,,N,O,S, m/z
372.1177 (100%, (M+H™)).

Compound 12

(3S)—N-hydroxy-4-[(2,3,4,5,6-pentamethylphenyl)sul-
tonyl]-2,2-dimethyl-3-thiomorpholine carboxamide (12)
was obtained from 2,2-dimethyl-3-thiomorpholic acid and
2.3.4,5,6-pentamethylphenylsulifonyl chlonide, according to
the above described procedure.

O O0=85=0

|
HO N
"‘\.N j
H
J;(S

Whites solid; "HNMR (acetone d6): 6=10.10 (s, 1H), 8.12
(s, 1H), 4.19 (td, J=13.0 and 2.6 Hz, 1H), 4.11 (s, 1H), 3.59
(dt, J=13.6 and 3.3 Hz, 1H), 3.09 (ddd, J=13.6, 13.0 and 3.3
Hz, 1H), 2.52 (s, 6H), 2.45 (dt, J=13.6 and 2.6 Hz, 1H), 2.31
(s, 3H), 2.25 (s, 6H), 1.55 (s, 3H), 1.25 (s, 3H). '°C (acetone
d6): 0=165.87,140.84, 138.48,135.68, 135.42, 59.74, 41 .95,
40.00, 29.56, 27.59, 2475, 19.02, 1787, 17.12.
C,:H,.N,O,S, m/z 400.1490 (100%, (M+H™)).

Compound 13

(3S)—N-hydroxy-4-[(4-propylphenyl)sulionyl]-2,2-dim-
cthyl-3-thiomorpholine carboxamide (13) was obtained from
2,2-dimethyl-3-thiomorpholic acid and 4-propylphenylsulio-
nyl chloride, according to the above described procedure.
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‘ X
F

O 0=

T—O
N

)

S

HO

np4

White solid; '"H NMR (acetone d6): 8=10.29 (s, 1H), 8.00
(s, 1H), 7.69 (d, JI=8.3 Hz, 2H), 7.39 (d, J=8.3 Hz, 2H), 4.21
(s, 1H), 4.00 (td, J=12.3 and 2.5 Hz, 1H), 3.90 (dt, J=12.3 and
4.0Hz, 1H), 3.09 (ddd, J=13.8,12.3 and 4.0 Hz, 1H), 2.69 (X,
J=7.5 Hz, 2H), 2.52 (dt, J=13.8 and 2.5 Hz, 1H), 1.67 (quint,
J=7.5 Hz, 2H), 1.30 (s, 3H), 1.26 (s, 3H), 0.94 (t, J=7.5 Hz,
3H). "°C (acetone d6): 8=165.23, 148.73, 138.05, 129.86,
127.91, 60.73, 42.36, 40.31, 38.24, 29.54, 27.19, 25.27,
24.86,13.88.C, H,,N,O,S, m/z372.1177 (100%,(M+H™)).

Compound 14

(35)—N-hydroxy-4-[(3,5-dimethylphenyl)sulfonyl]-2,2-
dimethyl-3-thiomorpholine carboxamide (14) was obtained
from 2,2-dimethyl-3-thiomorpholic acid and 3,5-dimeth-
ylphenylsulfonyl chloride, according to the above described
procedure.

N

White solid; "H NMR (acetone as): 8=10.35 (s, 1H), 7.97
(s, 1H), 7.39 (s, 2H), 7.26 (s, 1H), 4.18 (s, 1H), 3.97 (1d,
J=12.2 and 2.8 Hz, 1H), 3.90 (ddd, J=12.2, 4.3 and 2.8 Hz,
1H),3.04 (ddd, J=13.6,12.2 and 4.3 Hz, 1H), 2.51 (dt, J=13.6
and 2.8 Hz, 1H), 2.37 (s, 6H), 1.52 (s, 3H), 1.25 (s, 3H). *°C
(acetone db6): 0=165.01, 140.30, 139.85, 124.92, 125.36,
60.79, 4236, 4039, 2932, 2724, 2533, 21.19.
C,-H,,N,0,S, m/z358.1021 (100%, (M+H™)).

Example 2
Inhibition of Tumor Cell Growth

Human breast tumor SUM 149 cells (Inflammatory Breast

Cancer (IBC) of basal subtype) were plated 1n a 96 well plate
at 3000 cells/100 uLL at 37° C. 1n 5% CO,. Compounds 1, 3, 4,

5,6,7,8,9,10,11, 12, 13, 14 at 10 uM were added at day O
and day 3. The number of viable cells was determined 1n
triplicate at day 5 by incubating 10 ul. of the alamar blue
staining solution for 2 hours at 37° C. (FIG. 1).
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Example 3

Inhibition of Tumor Cell Growth

Human breast tumor SUM149 cells were plated 1n a 96
well plate at 3000 cells/100 pL at 37° C. 1n 5% CO.,. Serial
dilutions of drugs (compounds 1, 3 or 4) ranging from 20 uM
to 300 nM were added at day 0 and day 3. The number of
viable cells was determined in triplicate at day 5 by incubat-
ing 10 ul. of the alamar blue staining solution for 2 hours at
37° C. (FIG. 2).

Human breast tumor .226 cells (Inflammatory Breast Can-
cer (IBC) of ERB-B2 subtype) were plated 1n a 96 well plate
at 3000 cells/100 pL. at 37° C. 1n 5% CQO.,. Serial dilutions of
drugs (compounds 1, 3 or 4) ranging from 20 uM to 300 nM
were added at day 0 and day 3. The number of viable cells was
determined 1n triplicate at day 5 by incubating 10 uL. of the
alamar blue staining solution for 2 hours at 37° C. (FIG. 3).

Example 4

Effect on Growth of Normal Cells

Human normal mammary epithelial HME-1 cells were
plated 1n a 96 well plate at 3000 cells/100 uLL at 37° C. 1n 5%
CO,. Senal dilutions of drugs (compounds 1, 3 or 4) ranging
from 20 uM to 300 nM were added at day 0 and day 3. The
number of viable cells was determined 1n triplicate at day 5 by
incubating 10 uL. of the alamar blue staining solution for 2
hours at 37° C. (FIG. 4).

Human normal mammary epithelial MCF-10A cells were
plated 1n a 96 well plate at 3000 cells/100 uLL at 37° C. 1n 5%
CO,. Senal dilutions of drugs (compounds 1, 3 or 4) ranging
from 20 uM to 300 nM were added at day O and day 3. The
number of viable cells was determined 1n triplicate at day 5 by
incubating 10 ulL of the alamar blue staining solution for 2

hours at 37° C. (FIG. 5).

Example 5

Induction of Active Caspase-3 and Caspase-7 1n
Tumor Cells

Human breast tumor SUMI149 cells were plated in a 96
well plate at 10000 cells/100 puL at 37° C. 1n 5% CO,. Serial
dilutions of drugs (compounds 1, 3 or 4) ranging {from 20 uM
to 300 nM were added at day 0. Active caspase-3 and
caspase-7 were measured 1n triplicate after 24 h treatment by
incubating 50 uL of the Caspase-Glo 3/7 reagent for 60 min at
25° C. This reagent containing the proluminescent tetrapep-
tide sequence DEVD 1n a cell lysis butfer (Promega) (FIG. 6).

SUM149
1.226
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Human breast tumor L226 cells were plated 1n a 96 well
plate at 10000 cells/100 ulL at 37° C. 1n 5% CO,. Senal
dilutions of drugs (compounds 1, 3 or 4) ranging from 20 uM
to 300 nM were added at day 0. Active caspase-3 and
caspase-7 were measured 1n triplicate after 24 h treatment by
incubating S0 uL. of the Caspase-Glo 3/7 reagent for 60 min at

25° C. This reagent containing the proluminescent tetrapep-
tide sequence DEVD 1n a cell lysis butfer (Promega) (FI1G. 7).

Example 6

Induction of Active Caspase-3 and Caspase-7 1n
Normal Cells

Human normal mammary epithelial HME-1 cells were
plated in a 96 well plate at 10000 cells/100 uLL at 37° C. 1n 5%
CO,. Serial dilutions of drugs (compounds 1, 3 or 4) ranging
from 20 uM to 300 nM were added at day 0. Active caspase-3
and caspase-7 were measured 1n triplicate atter 24 h treatment
by 1incubating 50 ul. of the Caspase-Glo 3/7 reagent for 60
min at 25° C. This reagent containing the proluminescent
tetrapeptide sequence DEVD 1n a cell lysis bufler (Promega)
(FIG. 8).

Human normal mammary epithelial MCF-10A cells were
plated in a 96 well plate at 10000 cells/100 uL at 37° C. 1n 5%
CO,. Serial dilutions of drugs (compounds 1, 3 or 4) ranging
from 20 uM to 300 nM were added at day 0. Active caspase-3
and caspase-7 were measured 1n triplicate after 24 h treatment
by mncubating 50 ul. of the Caspase-Glo 3/7 reagent for 60
min at 25° C. This reagent containing the proluminescent

tetrapeptide sequence DEVD 1n a cell lysis butler (Promega)
(FIG. 9).

Example 7

Inhibition of Caspases Fully Blocks Compound 3
and Compound 4 Induced Apoptosis

Human breast tumor SUM149 cells were plated 1in dishes at
a concentration of 10° cells/5 ul. Cells were treated with
compound 3 or compound 4 (2.5 to 20 uM) for 48 h, with or
without Z-VAD-FMK, a pan-caspases inhibitor. Cells were
double stained with annexinV-FITC and 7-AAD to measure
cell apoptosis. Z-VAD treatment fully impaired compound 3
and compound 4 induced apoptosis (FIG. 10).

Example 8

IC30 values of compounds 1-14 for the inhibition of
SUM149 and L.226 tumor cells growth were measured (ac-
cording to the experimental procedure of Examples 2 and 3):

1 3 4 5 0 7 8 9 10 11 12 13 14
20 25 25 25 25 20 75 10 25 25 25 25 5
=20 25 25 20 S — 5 — 35 25 2 25 —

IC30 values were calculated on the basis of cell growth inhibition

(—) not tested
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IC50 values of compounds 1-14 for the inhibition of MCF-
10A and HME-1 normal cells growth were also measured

(according to the experimental procedure of Examples 4 and
S):

1 3 4 S 0 7 8 9 10 11
MCF-10A  >20 >20 20 =20 >20 — 220 — 20 20
HME-1 =20 =20 >20 20 =20 — 20 — 20 =20

IC50 values were calculated on the basis of cell growth inhibition
(—) not tested

These results show that compounds 1 to 14 according to the
present invention selectively inhibit the growth of tumor cells,
without affecting the growth of normal cells.

15

Example 9

Caspase 3/7 activation in SUM149 and 1.226 tumor cells
was measured.
The calculated values R correspond to Relative Lumines-

cence Units (RLU) fold increase from untreated cells
(R=RLU at 20 uM/RLU at 0 uM).

20

1 3 4 D 0 7 8 9 10 11 12
SUM149 1 0.3 44 5.5 539 — 57 — 55 64 6.8
L.226 1 2.1 74 3.2 28 — 23 — 89 KT 6.2

(—) not tested

Caspase 3/7 activation in MCF-10A and HME-1 normal
cells was also measured.

1 3 4 5 6 7 9 0 11 12 13 14
MCEF-10A 1 1 1 1 !l - — 1.1 — 1.1 1.1 1.1
HME-1 1 1 1 1.1 09 — — 08 — 1.2 1.2 1.1

(—) not tested

These results show that compounds 1 to 16 according to the
present invention induce higher caspase 3/7 activation in

tumor cells than 1n normal cells.
45

Example 10

Inhibition of Tumor Cell Growth, Influence of
Culture Medium Composition

50
Human breast tumor SUMI149 cells were plated 1n a 96

well plate at 3000 cells/100 ulb at 37° C. 1mn 5% CO,
recommended medium contaiming 10% FCS or 1n synthetic
medium without FCS. Serial dilutions of drug (compound 4)
ranging from 10 uM to 0.16 uM were added at day O and day
3. The number of viable cells was determined 1n triplicate at
day 5 by incubating 10 uL of the alamar blue staining solution
for 2 hours at 37° C. (FIG. 11). The 1050 1n recommended
medium containing 10% FCS was measured at 2 uM, while 1t
was measured at 0.6 uM without FCS.

55

60

Example 11

High Throughput Cell Growth Analysis of 14
Compounds on 33 Different Cell Models

65

Thirty eight validated cells lines, including BXPC3 cells,
DU145 cells, OPM2 cells, U-2-OS cells, PLCPRF5 cells,

34

A549 cells, SUM149 cells, HepG2 cells, LL389 cells, HGC27
cells, TOV-112D cells, Messa cells, Karpas 299 cells, A498
cells, HCT-116 cells, H1299 cells, Hep2 cells, DLD1 cells,
HUT78 cells, AGS cells, A4573 cells, ACHN cells, Panc-1

12 13 14
15 >20 —
=20 20 —

cells, A375 cells, BT-20 cells, .226 cells, MDAMB231 cells,
U118 cells, PC-3 cells, SW579 cells, CL.S354-4 cells, Calu-6
cells, UR7MG cells, MeWO cells, HUVEC, HME-1 cells,
MCF10-A cells and fibroblasts, were plated at 3000 cells/100

ul at 37° C. 1n 5% CO,, in recommended medium containing
10% FCS.

Compounds 12,4, 11,3, 13, 6,8, 14, 1 and 7, described 1n
the above examples, and DMSO as a control, were tested at

various concentrations and % inhibition of cell growth at 10
uM was more particularly studied.

13 14

54 —
5.8 —

Unsupervised hierarchical clustering of these results was
determined and showed variable efficiency of these com-

15 16

0.9 —
1.1 —

pounds according cell line sensitivity. It was 1n particular

observed that compound 12 was the most effective both quali-
tatively (IC50<1 uM) and quantitatively (86% of cell lines
studied were sensitive).

Additionally, 1t was advantageously observed that non
tumoral cell lines (HUVEC, HME-1 cells, MCF10-A cells
and fibroblasts) were resistant to all the compounds studied.

Example 12

Compound 12 Inhibits Cancer Stem Cells
Compartment

Cancer stem cells (CSCs) are thought to contribute to
tumor 1initiation, maintenance, resistance to therapy, and
metastasis progression. Treatment with drugs enrich 1n resis-
tant CSCs. In vitro, breast CSCs express high level of alde-
hyde dehydrogenase-1 (ALDH1), which can be detected by
using a commercial assay (CSCs are “Aldefluor” positive).
Brietly, cells were incubated in Aldefluor assay bulifer con-
taining ALDH substrate (BAAA (BODIPY®—aminoacetal-
dehyde), 1 umol/L per 1x10° cells). Negative control was
done 1n the presence of diethylaminobenzaldehyde (DEAB),
a specific ALDH inhibitor. Cells were then incubated for 40
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minat37° C. Cells were analyzed with the LSRII tlow cytom-
cter (Becton-Dickinson). PI (Propidium Iodide) exclusion

was used to gate viable cells.

Treatment with 0.6 uM reduced the pool of CSC from 2.6%
to 0.4% (FIG. 12A). Overall results are represented as ratio
between percent ALDH+ cells 1n treated conditions vs per-
cent ALDH+ cells in DMSQO. As previously described, com-
pound 12 reduces the aldefluor ratio whereas treatment with
doxorubicin increases it (FIG. 12B)

Example 13

Compounds that Induces Tumor Apoptosis 1n
MMTV-ErB2/Neu Mice

DNA fragmentation 1n apoptotic cells was analyzed by the
TUNEL assay (ApopTag detection kit, Millipore) as recom-
mended by the manufacturer.

Brietly, 4 um sections of paraifin-embedded fixed tissue

from tumors denived trom MMTC-ErbB2/neu mice treated
with vehicle or with Compound 12, 4 or 8 (100 mg/kg) for 30

days, were deparailined with successive histolemon and etha-
nol washes, then treated with 20 ng/mlL proteinase K for 15
min at room temperature. Endogenous peroxidise was
quenched with 3% hydrogen peroxide. Digoxigenin-dNTPs
were enzymatically added to the free 3'OH DNA termini by
terminal deoxynucleotidyl transierase (1dT) and revealed by
the peroxidise anti-digoxygenin antibody. Coloration was
performed using the diaminobenzidine mixed substrate
(Dako). Counterstaiming was done with a solution of 1%
methyl green for 5 min at room temperature. After distilled
water and N-butanol washes, specimens were mounted in
Pertex medium (CellPath). Observations were made using the
Leica DMD108 digital microimaging device (Leica Micro-
systems GmbH).

The 1nventors determined the percentage of cells having
TdT positive nucler 1n each condition. They observed that,
while the percentage of TdT positive nucler was rare in
tumors from mice treated with vehicle or with Compound 8,
it reached 50% 1n tumors from mice treated with Compound

4 and even 70% 1n tumors from mice treated with Compound
12.

The mvention claimed 1s:
1. A compound of formula (I):

[

(D

R3
R
2 ‘ \/R4
R; /\R5
|
O O=5=—=0

|
HO N
‘\.N j
H
Ji(g

wherein R, R, R, and R; are independently selected from

the group consisting of:

H,

optionally substituted, branched or linear C,-C, , alkyl,

optionally substituted, branched or linear C,-C,, alk-
enyl,

halogen atom,

C,-C,, haloalkyl,

(CH,)_R“ wherein a 1s comprised from 1 to 12 and R 1s
selected from the group consisting of:
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OR“', wherein R*" is selected from the group consist-
ing of optionally substituted C,-C, , alkyl, option-
ally substituted C.-C,, aryl, optionally substituted
C;-C,, cycloalkyl, optionally substituted C,-C
heterocycloalkyl and optionally substituted C, -C, ,
heteroaryl, and

R“* wherein R** is selected from the group consisting
of optionally substituted C.-C,, aryl, optionally
substituted C,-C,, cycloalkyl, optionally substi-
tuted C,-C heterocycloalkyl and optionally substi-
tuted C,-C, , heteroaryl,

(CH,),R” wherein b is comprised from 0 to 12 and R” is
selected from the group consisting of:

CN,

OH,

C(O)R”! and SO,R?!, wherein R”! is selected from
the group consisting of H, OH, optionally substi-
tuted C,-C,, alkyl, optionally substituted C,-C,,
aryl, optionally substituted C;-C,, cycloalkyl,
optionally substituted C,-C . heterocycloalkyl and
optionally substituted C, -C, ; heteroaryl, and

NHR”? and NHC(O)R”* wherein R”? is selected from
the group consisting of H, optionally substituted
C,-C,, alkyl,

wherein R, 1s selected from the group consisting of:

H,

optionally substituted, branched or linear C,-C, , alkyl,

optionally substituted, branched or linear C,-C,, alk-
enyl,

halogen atom,

C,-C,, haloalkyl,

(CH,) _R“ wherein a 1s comprised from 1 to 12 and R 1s
selected from the group consisting of:

OR“*', wherein R*' is selected from the group consist-
ing of optionally substituted C,-C, , alkyl, option-
ally substituted C;-C,, cycloalkyl, and optionally
substituted C,-C, heterocycloalkyl, and

R“* wherein R** is selected from the group consisting
of optionally substituted C.-C,, aryl, optionally
substituted C,-C,, cycloalkyl, optionally substi-
tuted C,-C, heterocycloalkyl and optionally substi-
tuted C,-C, , heteroaryl,

(CH.,),R” wherein b and R” are as defined above,

and wherein A represents a single bond or a C, -C; alkylene
radical, optionally substituted by a C,-C, alkyl or a
C4-C,, aryl group.

2. The compound according to claim 1, wherein R, 1s

selected from the group consisting of:

H,

optionally substituted, branched or linear C,-C, , alkyl,

optionally substituted, branched or linear C,-C, , alkenyl,

halogen atom,

C,-C,, haloalkyl,

(CH,) R” wherein a 1s comprised from 1 to 12 and R” 1s
selected from the group consisting of optionally substi-
tuted C.,-C,, aryl, optionally substituted C;-C,,
cycloalkyl, optionally substituted C,-C. heterocy-
cloalkyl and optionally substituted C,-C, , heteroaryl,
and

(CH,),R” wherein b and R” are as defined in claim 1.

3. The compound according to claim 1, wherein R, 1s

selected from the group consisting of:

H,

optionally substituted, branched or linear C,-C, , alkyl,

optionally substituted, branched or linear C,-C, , alkenyl,

halogen atom,

C,-C,, haloalkyl,

(CH,) R” wherein a 1s comprised from 1 to 12 and R” 1s
selected from the group consisting of optionally substi-
tuted C,;-C,, cycloalkyl, and optionally substituted
C,-C heterocycloalkyl, and

(CH,),R” wherein b and R” are as defined in claim 1.
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4. The compound according to claim 1, wherein R, R, R, 10. The compound according to claim 1 of formula (I1-3):
R, and R are independently selected from the group consist-
ing of:

H (I1-3)

OI;tionally substituted, branched or linear C, -C, , alkyl,
halogen atom, and

C,-C, , haloalkyl. AN

5. The compound according to claim 1 of formula (1I):

R, 7 \R5
10
(1I)
Ry 0 0=—=S=—=0
HO N
NG ~\ ~
‘ H
15
R 7 R. 5
O O0=5=—=0
HO }L wherein R, R; and R are defined as 1n claim 1.
e N »o  11.The compound according to claim 10, wherein R |, R,
H and R. are independently selected from the group consisting
S/ of: H, methyl and 1sopropyl.

12. The compound according to claim 1, wherein R, —R..
13. The compound according to claim 1, wherein R,—R,,.

wherein R, R,, R;, R, and R are defined as in claiam 1. 25 14. The compound according to claim 1, selected from the
6. The compound according to claim 1 of formula (I1I-1): following compounds:

(1I-1) 1
30

/ 7
)

~

O
O

35
S=—0 HO

() (O— ~
HO N
ﬁh‘fbi N
H
S/ 40 9

wherein R, 1s defined as 1n claim 1.

7. The compound according to claim 1, wherein R, 1s
selected from the group consisting of: H, methyl, ethyl, pro-
pyl, 1sopropyl, dodecyl, bromomethyl, trifluoromethyl and
fluor.

8. The compound according to claim 1 of formula (I1I-2):

Z

__/

2,

A

)~

i~

45

O
O

50
(11-2)

R, R4
3
R, Rs 55
O O T O
HO N
“Hhrq “Hﬁh
H
60
s

wherein R, R,, R, and R are defined as 1n claim 1.

9. The compound according to claim 8, wherein R, R,, R, 65
and R are independently selected from the group consisting
of: H and methyl.

/}3
2,
al
\__/

N/
\_7 \

O
O
77
O

’;:J
Ay
al
\__/
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-continued -continued
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m e
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15. A pharmaceutical composition comprising the com-
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pound according to claim 1 and a pharmaceutically accept-

able carrier.

42

16. A method of preparation of the compound according to

Rj3
Ry
Rs
A
O=5=—=0
Cl

providing a compound of formula (IV):

HO

claim 1, comprising a step of coupling 2,2-dimethyl-3-thio-
morpholic acid and a compound of formula (I11I):

(I1T)

(IV)

wherein A, R, R,, R;, R, and R are defined as 1n claim 1.
17. A method for the treatment of human cancers selected

x

¥ # ¥ ¥

from the group consisting of breast cancer, pancreas cancer,
prostate cancer, bone cancer, liver cancer, lung cancer, ovary
cancer, uterus cancer, kidney cancer, brain cancer, skin can-
cer, colon cancer, blood cancer, stomach cancer, thyroid can-
cer, and mouth cancer 1n a patient in need thereol, comprising
administering to said patient a therapeutically effective
amount of the compound according to claim 1.
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